A Gram-stain-variable, rod-shaped and endospore-forming bacterium, designated strain L7-75, was isolated from duckweed (Lemna aequinoctialis). Cells were motile with a monopolar flagellum. Phylogenetic analysis of the 16S rRNA gene sequence indicated that strain L7-75 T belonged to the genus Paenibacillus, and the closest phylogenetically related species were Paenibacillus uliginis N3/975 T (98.5 % 16S rRNA gene sequence similarity), Paenibacillus purispatii ES_M17 T (98.5 %), Paenibacillus lactis MB 1871 T (98.2 %), Paenibacillus campinasensis 324 T (97.7 %), Paenibacillus glucanolyticus S93 T (97.7 %) and Paenibacillus lautus ATCC 43898 T (97.4 %). Growth of strain L7-75 T was observed at pH 7-10 and at 20-40 6C, and NaCl concentrations up to 5 % (w/v) were tolerated. Major cellular fatty acids included anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 that were present at 36.0 %, 14.2 % and 10.0 % of the total cellular fatty acid profile, respectively. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and phosphatidyl-N-methylethanolamine. MK-7 was the predominant menaquinone. The diamino acid found in the cell-wall peptidoglycan was meso-diaminopimelic acid. The DNA G+C content was 49.1 mol% (T m ). DNA-DNA relatedness values between strain L7-75 T and its closest relatives ranged from 4.4 to 47.8 %. These results indicate that strain L7-75 T represents a novel species of the genus Paenibacillus, for which the name Paenibacillus lemnae sp. nov. is proposed. The type strain is L7-75 T (5BCC 67838 T 5NBRC 109972 T ).
The genus Paenibacillus was first proposed by Ash et al. (1993) . An emended description of the genus was subsequently provided by Shida et al. (1997) . Members of the genus are rod-shaped and aerobic or facultatively anaerobic bacteria that form ellipsoidal endospores. Several species were characterized as Gram-stain-positive bacteria while others were observed as Gram-stain-negative or Gramvariable bacteria. Anteiso-C 15 : 0 is the major cellular fatty acid, and MK-7 is the major menaquinone. The DNA G+C content is in the range of 39 to 54 mol% (Wang et al., 2012) . Numerous species of the genus Paenibacillus have been isolated from diverse sources, including cold spring, soil, urban waste compost, clinical samples, the phyllosphere and the rhizosphere of various plant species (Tang et al., 2011; Wu et al., 2011; Vaz-Moreira et al., 2010; Glaeser et al., 2013; Valverde et al., 2008; Kim et al., 2009; Liu et al., 2010; Jin et al., 2011) . In the present study, we carried out a pholyphasic investigation to characterize an endophytic bacterium, designated strain L7-75 T , which was isolated from duckweed (Lemna aequinoctialis). The results obtained from phylogenetic, phenotypic and chemotaxonomic analyses indicated that strain L7-75 T represents a novel species of the genus Paenibacillus.
L. aequinoctialis plants were collected from a natural pond in Pathumthani province, Thailand. Approximately 1 g whole plants was rinsed with water to remove dirt on the outside and surface-sterilized with 10 % sodium hypochlorite solution supplemented with a few drops of Tween 20. Plants were washed five times with sterilized distilled water and ground in sterilized distilled water with a mortar and a pestle. Plant suspensions were plated on starchcasein-nitrate agar (l 21 : 0.3 g casein, 10 g starch, 2 g KNO 3 , 2 g NaCl, 2 g K 2 HPO 4 , 0.05 g MgSO 4 . 7H 2 O, 0.02 g CaCO 3 , 0.01 g FeSO 4 . 7H 2 O, 15 g agar; pH 7.0) and incubated at 30 u C for 7 days. Several endophytic bacteria were obtained and purified by repeatedly cross-streaking on tryptic soy agar (TSA; LabM). One hundred microlitres of the water used for the final rinse was plated on starchcasein-nitrate agar and used as a control.
Genomic DNA of endophytic bacteria were prepared according to the method previously described (Araú jo et al., 2002) and used for amplification of the almost complete 16S rRNA gene fragment. The universal primers 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTACCTTGTTACGACTT-39) (Lane, 1991) were used in the PCR, and the temperature profile was as follows: initial denaturation at 94 u C for 3 min; 40 cycles of 94 uC for 30 s, 56 uC for 30 s, and 72 uC for 90 s; and final extension at 72 u C for 5 min. The sequence of the PCR product was obtained using the 27F, 1492R, 350F (59-TACGGGAGGCAGCAG-39), 780F (59-GATTAGATACC-CTGGTAG-39), 1100F (59-GCAACGAGCGCAACCC-39), 350R (59-CTGCTGCCTCCCGTAG-39) and 780R (59-CTACCAGGGTATCTAATCC-39) primers (Lane, 1991) . The pairwise alignment analysis of the nearly complete 16S rRNA gene sequences of endophytic bacteria was performed using the EzTaxon server (Kim et al., 2012) . Among these endophytic bacteria, a bacterial isolate designated strain L7-75 T was identified as a member of the genus Paenibacillus.
Multiple alignment analysis of the nearly complete 16S rRNA gene sequences of strain L7-75 T and members of the genus Paenibacillus was performed using the CLUSTAL W program, version 1.81 (Thompson et al., 1994) . Gaps and ambiguous nucleotides were manually corrected. Phylogenetic analysis was conducted using the neighbour-joining method (Saitou & Nei, 1987) in the program MEGA version 5.2 (Tamura et al., 2011) . Evolutionary distances were determined using Kimura's two-parameter model (Kimura, 1980) . Phylogenetic analyses using the maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) methods were also carried out using the same software. Bootstrap analysis (Felsenstein, 1985) with 1000 resamplings was used to determine the confidence levels of clusters.
Morphological characteristics of strain L7-75 T were determined after growth on TSA at 30 u C for 48 h. Cell motility in hanging-drop wet mounts was determined under a bright-field microscope. Additional cell morphology was observed under a transmission electron microscope (JEM-1230; JEOL). Phenotypic characteristics were determined using the API 20NE and API 50CH galleries according to the manufacturer's instructions (bioMérieux). Growth at different pH and temperatures and NaCl tolerance were examined and compared with reference strains. The pH range (pH 4-10) for growth and NaCl tolerance (0.5-6 %) were determined in tryptic soy broth (TSB; LabM) medium at 30 u C. The citrate-phosphate and carbonate-bicarbonate buffer systems were used for pH 4-7 and pH 8-10, respectively (Gomori, 1955; Lim et al., 2006) . Growth at various temperatures (20-42 uC) was examined on TSA medium. Endospores were stained using malachite green staining (Smibert & Krieg, 1994) . Catalase and cytochrome oxidase activities were determined according to the methods previously described (Graham & Parker, 1964; Skerman, 1967) . Hydrolysis of starch and Tween 80 was determined according to previously described methods (Smibert & Krieg, 1994) . DNase activity was tested on DNase test agar base medium (HiMedia) according to the manufacturer's protocol.
For cellular fatty acid profile analysis, cells of strain L7-75 T and the reference strains were grown on TSA plates at 30 u C for 48 h. The analysis was carried out using GLC according to the instructions of the Microbial Identification System (MIDI), Sherlock version 6.0 (Kämpfer & Kroppenstedt, 1996; Sasser, 1990) . Cellular fatty acids were identified using the TSBA6 database of the MIDI system (Sasser, 1990) . For polar lipid analysis, cells of strain L7-75 T grown in TSB medium at 30 u C for 48 h were collected and lyophilized. Polar lipids were extracted and examined according to the methods described by Minnikin et al. (1984) . Isoprenoid quinones were extracted according to the method described by Collins et al. (1977) and analysed using HPLC equipped with a Cosmosil 5C 18 column (4.66150 mm; Nacalai Tesque). The elution solvent consisted of methanol and 2-propanol (2 : 1, v/v). Preparation and hydrolysis of cell-wall peptidoglycan was carried out according to the method described by Kawamoto et al. (1981) , and the isomer of diaminopimelic acid was examined using one-dimensional thin-layer chromatography (Staneck & Roberts, 1974) .
Genomic DNA of strain L7-75 T and the reference strains was prepared according to the method described by Moore & Dowhan (1995) and used for the G+C content analysis and DNA-DNA hybridization. The DNA G+C content was determined using the HPLC method (Mesbah et al., 1989) . Lambda DNA (Invitrogen) was used as the standard. DNA-DNA hybridization was performed in microdilutionwell plates according to the method described by Ezaki et al. (1989) . The DNA-DNA relatedness was determined using the colorimetric method (Verlander, 1992) .
Strain L7-75 T was obtained from ground tissues of L. aequinoctialis. Pairwise alignment analysis of the nearly complete 16S rRNA gene sequence (1509 bp) using the EzTaxon server (Kim et al., 2012) (97.4 %) . The low levels of sequence similarity indicated that strain L7-75 T may represent a novel species of the genus Paenibacillus (Stackebrandt & Ebers, 2006) . The phylogenetic tree that was reconstructed using the neighbour-joining method showed that strain L7-75 T clustered together with P. uliginis N3/975 T , P. purispatii ES_MS17 T , P. lactis MB1871 T , P. campinasensis 324 T , P. glucanolyticus S93 T and P. lautus ATCC 43898 T (Fig. 1) . This was significantly supported by the high bootstrap value of 94 %. The phylogenetic trees that were reconstructed using the maximum-likelihood and maximum-parsimony methods consistently supported the phylogenetic relationship between strain L7-75 T and its closest relatives with bootstrap values of 76 and 57 %, respectively (Figs S1 and S2, available in the online Supplementary Material).
Paenibacillus jamilae B.3 T (AJ271157)
Paenibacillus polymyxa ATCC 842 T (D16276)
Paenibacillus peoriae BD-57 T (AJ320494)
Paenibacillus brasilensis PB172 T (AF273740)
Paenibacillus terrae AM141 T (AF391124)
Paenibacillus kribbensis AM49 T (AF391123)

Paenibacillus hunanensis FeL05 T (EU741036)
Paenibacillus puldeungensis CAU 9324 T (GU187433)
Paenibacillus massiliensis 2301065 T (AY323608)
Paenibacillus panacisoli Gsoil 1411 T (AB245384)
Paenibacillus purispatii ES_MS17 T (EU888513)
Paenibacillus uliginis N3/975 T (FN556467)
Paenibacillus campinasensis 324 T (AF021924)
Paenibacillus lemnae L7-75 T (AB819817)
Paenibacillus lactis MB 1871 T (AY257868)
Paenibacillus glucanolyticus S93 T (AB073189)
Paenibacillus lautus ATCC 43898 T (AB073188)
Paenibacillus durus ATCC 27763 T (X77846)
Paenibacillus sophorae S27 T (GQ985395)
Paenibacillus zanthoxyli JH29 T (DQ471303)
Paenibacillus forsythiae T98 T (DQ338443)
Paenibacillus sabinae T27 T (DQ338444)
Paenibacillus borealis KK19 T (AJ011322)
Paenibacillus odorifer TOD45 T (AJ223990)
Paenibacillus wynnii CIP 108306 T (AJ633647)
Paenibacillus graminis RSA19 T (AJ223987)
Paenibacillus jilunlii Be17 T (GQ985393)
Paenibacillus riograndensis SBR5 T (EU257201)
Paenibacillus sonchi X19-5 T (DQ358736)
Paenibacillus fonticola ZL T (DQ453131)
Paenibacillus nematophilus DSM 13559 T (AF480935)
Paenibacillus antarcticus 20CM T (AJ605292)
Paenibacillus macquariensis ATCC 23464 T (X60625)
Paenibacillus macerans ATCC 8244 T (AB073196)
Bacillus novalis IDA3307 T (AJ542512) Cells of strain L7-75 T were Gram-stain-variable, motile and rod-shaped. Ellipsoidal endospores were observed (Fig. S3 ). Colonies of strain L7-75 T were circular and cream when grown on TSA medium at 30 u C for 48 h. A monopolar flagellum was observed under the transmission electron microscope (Fig. S4) . Two other members of the genus Paenibacillus have also been described as Gram-stainvariable with a single flagellum; these are Paenibacillus prosopidis PW21 T and Paenibacillus darwinianus Br T (Valverde et al., 2010; Dsouza et al., 2014) . Several distinct phenotypic characteristics were observed between strains L7-75 T and the reference strains P. uliginis DSM 21861 T , P. purispatii ES_MS17 T , P. lactis DSM 15596 T , P. campinasensis DSM 21989 T , P. glucanolyticus DSM 5162 T and P. lautus DSM 3035 T (Table 1) . For example, only strain L7-75 T , P. uliginis DSM 21861 T and P. lactis DSM 15596 T did not assimilate L-arabinose. Strain L7-75 T was unable to produce acid from raffinose as opposed to all of the reference strains. In contrast, only strain L7-75 T and P. uliginis DSM 21861 T produced acid from inositol. Additionally, only strain L7-75 T and P. campinasensis DSM 15596 T were unable to grow in TSB at pH 6.0.
The results of the cellular fatty acid analysis of strain L7-75 T and the reference strains are provided in Table S1 . The predominant fatty acids (.10 %) of strain L7-75 T were anteiso-C 15 : 0 (36.0 %), C 16 : 0 (14.2 %) and anteiso-C 17 : 0 (10.0 %). The presence of anteiso-C 15 : 0 as the major fatty acid was consistent with the previous report on the chemotaxonomic study of members in the genus Paenibacillus (Shida et al., 1997) . The differences between the fatty acid profiles of strain L7-75 T and the reference strains were found among minor constituents. For example, iso-C 17 : 1 and/or anteiso-C 17 : 1 fatty acids (summed feature 4) were found in strain L7-75 T , P. purispatii ES_MS17 T , P. lactis and P. lautus ATCC 43898 T . In contrast, C 17 : 0 cyclo fatty acid was found only in strain L7-75 T , P. campinasensis 324 T and P. lautus ATCC 43898 T . The major polar lipids of strain L7-75 T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and phosphatidyl-N-methylethanolamine (PME) (Fig. S5) . DPG, Table 1 . Differential phenotypic characteristics of strain L7-75 T and reference strains Strains: 1, strain L7-75 T ; 2, P. uliginis DSM 21861 T ; 3, P. purispatii ES_MS17 T ; 4, P. lactis DSM 15596 T ; 5, P. campinasensis DSM 21989 T ; 6, P. glucanolyticus DSM 5162 T ; 7, P. lautus DSM 3035 T . All data were obtained from this study. V, Variable; +, positive; 2, negative; W, weakly positive. Wang et al., 2012; Wu et al., 2013) . PME was found as one of the major polar lipids in 'Paenibacillus beijingensis' and 'Paenibacillus humi' (Wang et al., 2013; Kim & Lee, 2014) . The major menaquinone observed in strain L7-75 T was MK-7 and the cell-wall peptidoglycan contained meso-diaminopimelic acid, both features that are commonly found in members of the genus Paenibacillus (Shida et al., 1997) . Taken together, these results supported the affiliation of strain L7-75 T to the genus Paenibacillus.
The DNA base composition analysis showed that the G+C content of strain L7-75 T was 49.1 mol% (T m Growth occurs at 20-40 u C (optimum 30 u C) and pH 7-10 (optimum pH 7.0). Tolerates NaCl concentrations ranging from 0.5 to 5 % (w/v); the optimum NaCl concentration for growth is 0.5 % (w/v). Tests for catalase and cytochrome oxidase activities are positive. Starch is hydrolysed, but Tween 80 and DNA are not. In the API 20NE strip, nitrate is not reduced to nitrite, indole is not produced and glucose is not fermented. Arginine dihydrolase, urease and b-galactosidase activities are absent. b-Glucosidase and gelatinase activities are present. The following carbon sources are assimilated: D-glucose, Dmannose and maltose. The following carbon sources are not assimilated: L-arabinose, D-mannitol, N-acetylglucosamine, gluconate, caprate, adipate, malate, citrate and phenylacetate. In the API 50CH strip, acid is produced from glycerol, D-arabinose, L-arabinose, D-ribose, D-xylose, methyl b-D-xylopyranoside, D-galactose, D-glucose, D-fructose, Dmannose, L-rhamnose, inositol, methyl a-D-xylopyranoside, methyl a-D-glucopyranoside, amygdalin, arbutin, aesculin ferric citrate, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, starch, glycogen, gentiobiose, turanose, L-fucose and potassium 2-ketogluconate. Acid is not produced from erythritol, L-xylose, D-adonitol, L-sorbose, dulcitol, D-mannitol, D-sorbitol, N-acetylglucosamine, inulin, melezitose, raffinose, xylitol, D-xylose, D-tagatose, D-fucose, D-arabitol, L-arabitol and potassium gluconate. The major cellular fatty acids (.10 %) are anteiso-C 15 : 0 , C 16 : 0 and anteiso-C 17 : 0 . The major polar lipids are DPG, PG, PE and PME. MK-7 is the major menaquinone. The cell-wall peptidoglycan contains meso-diaminopimelic acid.
The type strain is L7-75 T (5BCC 67838 T 5NBRC 109972 T ), which was isolated from the whole plant of Lemna aequinoctialis. The DNA G+C content of the type strain is 49.1 mol% (T m ).
